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THE SUBSONIC STM’IC AER~YNAMIC! CHARACTERISTICS OF AN
AIFi!?L!lNEMODEL HAVING A TRIANGUUiR WING OF ASPECT

RATIO 3. I - EFFECTS W HORIZONP($L-TKIL
LOCATION AND SIZE ON TEE LONGITUDINAL

CHARACTERISTICS1

By Bruce E. Tinling and Armando E. Lopez

SUMMARY

An investigation has been conducted
horizontal-tail location and size on the

to determine the effects of
longitudinal aerodynamic charac-

teristics of an airplane model having a triangular wing. The wing had
an aspect ratio of 3 and the NACA 0003.5-63 section in the stresmwise
direction. Two horizontal tails were tested which had areas of either
16.7 or 21.9 percent of the wing area. Each of the horizontal tails had
sm aspect ratio of 4, a taper ratio of 0.33, the NACA 0004-64 section,
and no sweepback of the 50-percent-chord line. Tests were conducted with
the horizontal.tails located -0.10, 0, 0.10, and 0.20 wing semispans
above the chord plane of the wing at longitudinal distances of 1.2 and
1.5 mean aerodynamic chord lengths behind the moment center. The wind-
tunnel tests were conducted at a Reynolds number of 2.5 miJJion at Mach
numbers from 0.25 to 0.95.

It was found that the horizontal tail was destabilizing at m~erate
lift coefficients when located above the plane of the wing. When placed
either in or below the plane of the wing, the horizontal tail was stabi-
lizing throughout the lift range. For the balanced condition, the drag
increment due to the tail was less when ”thetail was placed 0.10 wing
semispan below the wing chord plane than when placed in the wing chord
plane. In general, the drag due to balancing the mdel decreased with
increases in tail size or length and increased markedl.yas the Mach
number was increased beyond 0.90.

)X’!CRODUC!KCON

The subsonic aerodynamic characteristics of a model of an airplane
having a triangular wing of aspect ratio 3 and an all-movable horizontal
tail have been the sub~ect of an investigation in the Ames I!&foot pres-
sure wind tunrd. Results obtained during this investigation which pertain
to the static lateral and directional characteristics snd to the effects

%persedes recently declassified WCA RMA531L5 by Bruce E. Tinling
and Amnand E. tipeZ> 1954.
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of trailing-edge flaps are reported in references 1 and 2. Ground effects
on the longitudinal characteristics are reported in reference 3.

This report presents a part of the investigation undertaken to deter-
mine the effects of longitudinal and vertical.position and of size of the
horizontal tail on the static longitudinal characteristics. The effects
of vertical.position of the horizontal tail on the low-speed characteris-
tics of a similar configuration have been reported in reference 4, and a
study of the downwash at transonic speeds behind a triangular wing having
an aspect ratio of 3 has been presented in reference 5. The wind-tunnel
tests of the present investigation were conducted at Mach numbers up to
0.95 at a Reynolds number of 2.5 million, and at Reymoids numbers of 2.5
milJion and 10million at a Mach nuniberof O.=.

NOI!NmON

A b2aspect ratio, —
s

a normal acceleration

b wing span

CD drag coefficient, drag
C@

*cDotai~ C%il on - %ail off’

CL liftlift coefficient, —
@

.’

n-,

,
measured at a =Oandit%O

.7

Cm pitching-moment coefficient about the moment center,
~itchtig moment

qse

c! wing chord measured parallel to the plane of symmetry

f

b/a
E wing mean aerodynamic chord, ~ c2dy

ho

g acceleration due to gravity

it incidence of the horizontal tail with respect to the wing chord
plane, deg

It tail length, longitudinal distance from the moment center to
the horizonti-tail pivot line
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z
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The

liftlift-drag ratio, —
drag

free-stream Mach number

normal acceleration factor, ~. ~

free-stream dynamic pressure

Reyaolds number, based on the wing mesm aerodynamic chord

srea of the horizontal tail

wing area

2~ St
tail volume, ——

~sw

lateral distance frcm the plane

vertical distance from the wing
of the horizontal tail

angle of attack, deg

effective downwash angle, deg

horizontal-tail pitching-moment
constant angle of attack

of symmetry

chord plane to the hinge axis

effectiveness, measured at a

tail-efficiency factor (ratio of the lift-curve slope of the
horizontal tail when mounted on the fuselage h the flow
field of the
the isolated
reference 6)

triangular
had an aspect iatio

ting
of 3

wing to the theoretical Et-curve slope of
horizontal tail evaluated by the methal of

MODEL

of the mdel tested during this investigation
and the lUICA0003.5-63 stresmwise section. Two

horizontal tails were tested which had areas of either 16.7 or 21.9
. percent of the wing area. Each horizontal tail had an aspect ratio of

4, a taper ratio of 0.33, and the NACA 0004-64 streamwise section. The
wing, tail surfaces, and fuselage were machined from solid steel.

“ Further details of the gecmetry of components of the model are given
in table I.



4 NACATN 4041

As shown in figure 1, both the horizontal tail and the wing could
be placed on or above the fuselage center line. This permitted the
horizontal-tail hinge line to be located at -0.10, 0, 0.10, or 0.20
wing semispans above the wing chord plane. A chmge in tail length
was obtained by removing a cylindrical portion of the fuselage which
was 6.50inches in length. The moment center chosen for each combi-
nation of tail size and position and the corresponding tail lengths are
tabulated in table II. As can be noted from table 11, the tail sizes
and lengths were chosen so that nearly the same tail volume could be
obtained with either tail length.

The model was supported in the tunnel by a sting as shown in
figure 2. ._A4-inch-diameter, 4-component, strain-gage balance enclosed .
within the model body was used to measure the forces and moments.

CORRECTIONS TO DATA

The data have been corrected for the induced effects of the tunnel
walls resulting frm lift on the model by the method of reference ~.
The magnitudes of the corrections which were added to the measured
values are:

—

Aa = 0.30 c!~

ACD = 000045 CL2

.

.

The induced effects of the tunnel walls on both the tail-on and tail-
off pitching moments were calculated and found to be negligible.

Corrections to the data to account for the effects of constriction
due to the tunnel walls were calculated by the method of reference 8.
At a Mach number of O.gO, this correction amounted to an increase of
about 1 percent in the dynamic pressure.

The effect of interference between the model and the sting support
which could influence the measured forces and moments, particularly
those due to the horizontsJ_tail, is not known. It is believed that
the main effect of the sting on the drag data was to alter the pressure
at the base of the model body. Consequently, the pressure at the base
of the model was measured and the drag data were adjusted to correspond
to a base pressure equal.to free-stream static pressure. .—

.

.
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. RESULTS AND

. The results of the wind-tunnel
stability and control are presented
pertatiing to drag are presented im

DISCUSSION

tests pertaining to longitudinal
in fQures 3 through 20, and those
figures 21 through 25. It Was

convenient when evaluating the effects of tail size and position on the
longitudinal aero@xuaic characteristics to select the moment center
for each configuration to yield the same static margin at some condition.
Since the static longitudinal stability was the smallest at low speed,
the moment center was selected to yield a static margin of 6 percent of
the mean aerodynamic chord (d~dCL = -0.06) at zero lift and zero tail

incidence at a Mach number of 0.25. The resulting moment centers for
the vsrious combinations of tail size and location are listed in table
II.

Longitudinal Stability and Control Characteristics

Tail off.- The tail-off lift and pitching-moment coefficients
measured during tests with the wing in the mid or in the high position
are shown in figure 3. As would be anticipated from the results
reported in reference 9, displacing the wing had no important effects

.- on the lift or pitching-moment characteristics at moderate lift
coefficients.

.
The longitudinal static stability of the wing-fuselage combination

decreased as the lift coefficient was increased from about 0.2 to 0.7
at Mach numbers up to O.gO. Additional measurements were made to
determine the Mach number at which this effect was the most severe.
These additional.data (fig. k) indicate this reduction In longitudinal
stability to have been the greatest at Mach numbers from 0.80 to 0.85.

At a Mach number of 0%95, the stability increased markedly as the
lift coefficient was increased. Stice this effect was opposite that
which occurred at a Mach number of 0.90, a large increase in static
margin resulted for moderate lift coefficients when the Mach number was
increased from 0.90 to 0.%. This increase in.static margin mounted
to about 13 percent of the mean aerodwamic chord at a lift coefficient
of 0.4. (See fig. 3.)

Effect of horizontal-tail position and size.- The contribution of
the horizontal tail to the pitching-moment-curve slope is approximately
equal to.
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The par~eters within the brackets were found to have only small varia-
tions with tail size. The following discussion, therefore, is concerned
mostly with the effects of tail height and tail length. The effect of
tail size has been considered to be merely a geometric factor by which
the control effectiveness and the contribution of the horizontal tail to
the longitudinal stability may be varied. The values of the tail effi-
ciency factor ~(qt/q) and the downwash e were calculated frczuthe
following equations:

(
cm
tail on -

cm
)tail off

e=a+it-
(ac~ait)

qtu a~iait
VT.

(dcL/ti)tail

It is assumed in this method that the lift curve of the horizontal tail
is linear. Consequently, e and q(qt-q) were not calculated for angles
of attack for which the data indicated that the tail might be stalled.
The values of the lift-curve slope of the isolated horizontal tail used

in

by

be
or

(dCL/b)tail
calculating the factors

(dCtiti)tail off
and q(qt/q) were calculated

the method of reference 6.

The results in references 4 and 5 indicate the horizontal tail to
destabilizing for moderate lift coefficients when located 0.20 b/2
O.~ b/2 above the wing chord plane. The results of the present

.P

?

.-

P

investigation (fig. 5) show that this effect, although reduced in
magnitude, also occurred when the tail was 0.10 b/2 above the wing
chord plane and was less severe with the greater tail length. At a
Mach number of 0.95, the destabilizing effect of placing the tail above
the wing chord plane was obscured since the reduction in the stability
contribution of the tail with increasing lift coefficient was compen-

—

sated by an increase in the stability contribution of the wing-fuselage
—

combination. (See fig. 3.) As is shown in references 4 and 5, the
adverse effect of increasing the tail height on the longitudinal —

stability was caused by differences in the variation of downwash at
the tail with angle of attack. This cause is illustrated in figure 6
where the variations with lift .coefficientof the tail contribution
to the pitching-moment-curve slope and of the downwash factor

(+
—

are presented.

.

.
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It is evident from the data of figures 5 and 6 that
tail was stabilizing throughout the,lift range only when

either of the two lower positions ~~= O and & = -0.10 ). Data

7

the horizontal
itlwas in

\b/2 b/2 /
obtained to evaluate the longitudinal stability and control character-
istics at Mach numbers of 0.25, 0.60, O.&l, 0.90, 0.93, and 0.95 for
most combinations of tail length and size for each of these tail heights
are presented in figures 7 through 14. The average effective downwash
calculated from
figure 15.

Inspection
horizontal tail
combinations of

these data for each tail location is presented in

of the data of figures 7 through 14 indicates that the
was effective as a longitudinal control for all
tail size and position throughout the Mach number range.

At luw speed, it was possible to balance the model at a lift coefficient
of about 1 with a tail incidence of about -8° for all configurations.
A positive static msrgin was maintained at all Mach numbers with the
exception of a regicm of marginal stability at a Mach number of 0.80
for a lift coefficient of approximately 0.4 for some combinations of
horizontal tail size and location.

The variation with Mach number of the factors contributing to the
longitudinal.stabiliW is presented h figure 16. From these data it
can be seen that the change in dC~dCL between Mach numbers of 0.25
and 0.95 was less with the tail on than with the tail off by between
0.02 and 0.04, depending upon the tail size and location. This effect

can be traced to the diminishing value of the factor
(’ -~) ‘ith

increasing Mach number. It can also be seen by comparing parts (a) smd

(b) of figure 16 that
(’ -z)

was greater when the tail was in the

lower position(---=.= -0.10),

As noted previously, the longitudinal stability of the wing-
fuselage combination diminished as the lift coefficient was increased
from about 0.2 to 0.5 at Mach numbers up to 0.90. The pitching moment
contributed by the tail when located in or below the wing chord plane
vsried with lift in a manner which tended to compensate for these
undesirable tail-off characteristics. This is illustrated in figures
17 and 18 where the pitching-moment coefficient caused by the horizontal

tail per unit of tail volume and the factors

(’-9have been presented. (The factor

presented since it was found to be invsriant
()~t~~ has not been

with lift coefficient.)
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The Mach numbers of 0.25, where the static margin at zero lift was the
least, and 0.80, where the tail-off pitching-moment variation tended to
cause instability, have been chosen for this illustration. These data
show that the stability contribution of the tail increased markedly as
the lift coefficient was increased beyond about 003, particularly for
the greater tail length. This accounts for the improved pitching-moment
characteristics for the lager tail volumes, particularly when the hori-
zontal tail was in the wing chord plane. (Cf. figs. 7(a) with lO(a) and
7(c) with 1O(C).) The increased tail contribution to the stability for
lift coefficients greater than about 0.3 was caused by increases in the

a

downwash factor
(’-2)

and to a lesser extent by decreases in the
(dCJ,/du)tail

wing lift-curve slope as indicated by the variation of
(dCL/da)tail off” -

(See figs. ii’(b)and 18(b).) This increase in the stability contribution
was not as great for the tails placed below the wing chord plane as for
those placed in the wing chord plane. (See figs. 17(a) and 18(a).) How-
ever, at a Mach number of 0.80, the static margin at zero lift was from
1 to 3 percent greater with the tail in the lower position than with the
tail in the wing chord plane. As a result, the minimum static margin
(at CL % 0.4) was nearly the same for either of the tail positions at
a Mach number of 0.80. (Cf. figs. 8(c) with 12(c), 9(c) with 13(c),
andlo(c) with 14(c).)

—

—

Application of data.- The data for the two lower tail positions
*

were used to calculate the variation of tail incfdence with Mach number
for en airplane having a wing loading of 60 lb/ft2 flying at am altitude
of 30,000 feet. The results of these calculations are presented in

v

figure 190 The variation of tail incidence with speed indicated stick-
fixed longitudinal stability up to a Mach number of about 0.90. However,
with further increase in Mach number, the tail incidence required for
balance became more negative. This apparent loss of longitudinal con-
trol effectiveness,which becsme more severe with .increasingnormal
acceleration factor, was caused by increases with Mach number of the

—

static margin, without corresponding increases of the ~itchfng-moment
effectiveness of the tail. The increase in static margin was caused
by the increase in the stability of the wing-fuselage combination at
mcderate lift coefficients. (See fig. 3.)

Effect of Reynolds number.- The results of tests conducted to
evaluate the effects of Reynolds number on the low-speed lift and
pitching-moment characteristics are presented in figure 20. A change
in the Reynolds number from 2.5 miXlion to lQ_milJion had no important
effect on the low-speed stability sad control characteristics of the
model when the-wing and the tail were located on the fuselage center .
line. Similar results, not presented herein, were obtained from tests
with the wing in the high position.

.



NACA TN 4041 9

. Lift and pitching-mment data presented in reference 6 show the
effects of Reynolds number to be negligible between 3.1 and 4.8 million
at Mach numbers from 0.6 to 0.9 for a wing of the same plan form, but.
with a thickness-chord ratio of 3 percent. The lift and pitching-
moment data of reference 9 were found to be in excellent agreement with
those of the present investigation when the moment center was selected
to obtain identical static margins at zero lift.

Drag Characteristics

Effect of Reynolds number.- The drag coefficient,and the lift-drag
ratios measured during low-speed tests tith the wing in the mid position
at Reynolds numbers of 2.5 and 10 million are presented in figure 21.
These data show that the drag due to lift was greater at the lower
Reynolds number. The resulting difference in the maximum lift-drag
ratio was about 12 percent. Similar results were obtained from tests
with the wing in the high position.

Effect of wing position.- The tail-off drag data qre summarized in
figures 22 =d 23. In figure 22, three measured values of the minimum
drag coefficient for each of the wing positions at each Mach number
have been included to give an indication of the magnitude of the

. uncertainty in the measurement of drag coefficient. These data indicate
the average minimum drag with the wing in the high position to have been
slightly lower than with the wing in the mid position.. However, the
lift-drag ratio with the wing in the high position was, in general,
slightly lower thsn for the wing in the mid position. (See fig. 23.)
This latter result is in agreement with the results reported in
reference 9.

The values of lift-drag ratio measured during the tests reported
in reference 9 for a wing of the same plan form, but with a thickness-
chord ratio of 3 percent, were greater by between 10 and 20 percent
thsm those obtatied during the present investigation. The higher
minimum drags measured during the present investigation due to the
presence of a vertical tail account for part of this difference. The
remainder of the difference tn lift-drag ratio was caused by a higher
drag due to lift. The difference in drag due to lift might be due to
a difference in Reynolds number, the Reynolds numbers being 2.5
million for the present tests and 3.1 and 4.8 million for the tests
reported in reference 9.

Effects of tail size and location.- The preceding discussion,has.
Illustrated that the drag data from this investigation should be used
with caution if comparisons are to be made with results of tests of

. other configurations at different Reynolds numbers. For this reason,
the difference in lift-drag ratio betweem the tail-off and the balanced,
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conditions is presented rather than the total lift-drag ratio
bsl=ced conditim. These data, which were taken from faired
sre presented in figure 24. In general, the drag increment due

to bal&cing the model decreased with increases in tail size or length,
was less for the lower tail positicm, and increased rapidly as the Mach
number was increased beyond 0.90. These trends can be easily verified
by estimating the increment in lift-drag ratio due to balancing the
model from the tail-off pitching-moment coefficients and the increase
in minimum drag coefficient caused by the tail. Such an estimation
has been msde wherein it was assumed that the lift contribution of the
tail was equivalent to the force on the tail normal to the fuselage
center line, and that the induced drag caused by this lift was equiva-
lent to that for an elliptical span-load distribution. The following
equations for the drag polar for the balanced condition resulted:

C%ail off
= cLtail offC%m=() ‘~

CD ‘%
p) P%offl+AcDotiil + ~Cm=() tail off %Atail

The value of ACD was taken as the average measured increment in

drag at zero lift”%ied by the tail at sm incidence of 0.2°. The
following table lists these values:

‘DetailM
St =0.167 & St = 0.219~

0.60 0.0009 0.0012
●W .0012

:: ●0010 .0014
●95 .0020 .0028

J

The increment in lift-drag ratio due to balancing the model, evaluated
by this method, is presented in figure 25. The calculated increment is,
in general, slightly greater than that obtained from the drag measure-
ments, but the effects of tail size, tail length, tail height, and Mach
number are in qualitative agreement with those obtained directly from
the drag measurements.

.,

P

.

.
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. A large part of the effect of tail size and position on the lift-
drag ratio for the balanced condition at a given lift coefficient was
dependent upon the ma=itude and the algebraic sign of the tail lift.
This accounts for the smaller decrement of lift-drag ratio for the
larger tail volumes and for the lower tail position. The lsxge decrease
in the lift-drag ratio due to balancing the model at Mach numbers
greater than 0.90 was a result of a decreasing load on the horizontal
tail (or increasing down load) tith increasing Mach number as well as
the l&ge increase in the

‘DOtail”

minimum drag increment due to the tail,

CONCLUDING RXM!W16

The present wind-tunnel investigation has evaluated the effects of
tail position and size on the aerodynamic characteristics of an airplane
configuration having a thin triangular wing of aspect ratio 3. It was
found that the horizontal tail was destabilizing at moderate lift
coefficients when placed either 10 or 20 percent of the wing semispan
above the wing chord plane, and stabilizing throughout the lift range
when placed either in the wing chord plane or 10 percent of the wing
semispan below this plane. For the latter locations of the horizontal

. tail, the drag due to balancing the model was found to decrease with
increases in either tail size or tail length, was less with the tail
below the wing chord plsme, and increased markedly with increases in

. Mach numbers beyond 0.90.

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics

Moffett Field, Calif., Dec. 15, 1953
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TABLE I.- G30METRIC PROPERTIES OF TEE MODEL

wing

Aspect ratio . . . . . . . . . . . . . . . . . . . . . ...3.00
Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . 0
Section . . . . . . . . . . . . . . . . . . . . . NACA ~&5;;~
Axes. . . . . . . . . . . . . . . . . . . . . . . . . . .
Mesmaerodynsmic chord . . . . . . . . . . . . . . . . . 1.~40 ft
span. . . . . . . . . . . . ● . . . . . . ● . . . ● . . 3.463 ft
Sweepback (leading edge).. . . . . . . . . . . . . . . 53.130

Horizontal tails

Aspect ratio. . . . . . . . . . . . . . . . . . . . . . . . 4.00
Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . 0.33
Section . . . . . . . . . . . . . . . . . . . . . . NACA 0CK)4-64
Pivot Mne (fraction of root chord) . . . . . . . . . . . . 0.45

Area

Large tail. . . . . . . . . . . . . . . . . . . . . 0.876 f%
SmalJ.tail. . . . . . . . . .; . . . . . . . . ;.

span
0.666 ft2

Large tail.. . . . . . . . . . . . . . . . . . . . 1.868 ft
small tail... . . . . . . . . . . ● *. . . . . . 1.628 ft

Sweepback (O.~chordline) . . . . . . . . . . . . . . . . 0

Vertical tail (leading and trailing edges extended to fuselage
center line)

Aspect ratio (geometric) . . . . . . . . . . . . . . . . . . 1.5
Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . 0.16
Section . . . . . . . . . . . . . . . . . . . . . NACA 0003.~-64
Area (to fuselage center line) . . . . . . . . . . . . 1.067 ft2
span 1.290 ft
Sweepba;k”(;e&&~&j 1 1 1 1 I 1 ~ I 1 1 ~ 1 ~ I 1 . . 54.00

Fuselage

Fineness ratio
Short fuselage. . . . . . . . . . . . . . . . . . . . . . 10.9
Long fuselage . . . . . . . . . . . . . . . . . . . . . . ~ao
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TABLE I.- GEOMETRIC PROPERTIES OF THE MODEL - Concluded

Fuselage - continued

Base srea . . . . . . . . . . . . . . . . . . . . . . 0.1302 ft2
Coordinates (long fuselage):

Distance from Radius,
nose, inches imches

o 0
5.00 .80
10.00 1.44
1~.oo 1.94
20.00 2.32
25.00 2.60
30.00 2.79
35.00 2.90
40.00 2.97
45.00 2.99
51.25 3.00
57● 75 3.00
61.75 2.99
65.75 2.90
69.75 2.67
72.00 2.44

Removable section from 51.25 to 57.75 inches from nose
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TABLE II.- MOMENTCENTERS,~ LIHWIHS,AM)!I!HLVOLUMES

Tail height,
z/(b/2)

Q.lo

.10
● 10
.20
.20

Tail size,
st/% IMoment center

0.167
.167
.219
.219
.167
.167
.219
.219
.167
.219
.167
.219

0.3425
.3655
.3725
●415E
.3305
.349!
.346C
●375E
.381=
.379z
.405E
.4U6C

Tail length,
Z*1E

1.183
1.510
1.153
1.460
1.195
1.526

“1.179
l.~o
1.494
1.146
1. k70
l.llg

Tail volume,
Vh

0.198
●252
.253
● 320
● lgg
.254
.258
.328
.249
.251
.246
.245
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.

.

/

Additional geometric dato including
tail lengths and moment centers
are given in tabies Iand II

L
53.136

~ 23.41 27”72-

f

Removable section
of fuseiage

20;78

\I
6.93

T
1

Pivot
iine J

.— .

~ 72.00
Dimensions in inches

Figure

unless otherwise specified
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Figure 21. - The effect of Reynolds number on the drag characteristics of the wing-fuselage

combination with the wing in the mid position. M = 0.25.
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